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1.0  S3MKAEY 


The  results  of  laro  mode  1  test  progress  lawitigstiag  the  aerodynamic 
character istios  of  a  two  bladed^sae— hi  rotor  in  the  range  of  very  high 
^P'",Peed  ratios  are  presented  in  this  report*  This  experimental  work  was 
done  under  contract  for  the  Office  of  Kaval  Besearoh  and  is  the  first  por¬ 
tion  of  a  broad  program  for  investigating  the  characteristics  of  a  rotor- 
fixed  wing  type  of  aircraft. 

This  report  presents  data  for  the  rotor  operating  in  the  range  of 


advanoe  ratios  frem 


5:1  0.5  to 


«=  3.0. 
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2.0  INTRODUCTION 

Early  in  1949  a  oontraet  was  ante  rad  Into  by  tbs  Office  of  Havel 
Research  and  McDonnell  Aircraft  Corporation  for  research  into  the  problem 
•f  the  rotor-fixed  wing  aircraft  ooasf figuration.  It  was  held  that  in  order 
to  accomplish  high  level  flight  speed  of  the  order  of  S00  to  400  stiles  per 
hour,  it  would  be  necessary  to  have  the  rotor  operate  at  tip-speed  ratios 
very  stuch  higher  than  are  conventionally  used  in  heliooptera  and  autogyros. 

Consequently,  the  test  program  reported  herewith  was  undertaken. 

The  rotor  model  used  was  a  two-bladed,  see -caw  type  of  rotor  which  was  built 
from  a  salvaged  rotor  of  the  XII-20,  "Little  Henry*,  helicopter.  The  dia¬ 
meter  of  rotor  was  reduoed  and  a  special  hub  mounting  was  devised  for 
mounting  the  rotor  in  the  twelve  foot  UWAL  wind  tunnel  at  the  University 
of  Washington,  Seattle,  Washington.  The  prototype  rotor  was  postulated  as 
a  pressure-jet  type  of  rotor  having  burners  at  the  blade  tips.  To  o  law  late 
the  drag  of  suoh  tip-burners,  small  erheree  of  various  sises  were  attached 
to  the  tips  of  the  model  Hades. 

The  first  series  of  tests  with  this  rotor  during  July,  1949,  clearly 
demonstrated  the  possibility  of  using  a  rotor  at  very  high  advanos  ratios 
where  tne  efficiency  of  the  rotor  is  eenaidorably  improved  over  the  lew 
advance  ratio  operation,  Hcvrerer,  it  also  became  clear  that  tbs  roter  was 
quite  sensitive  to  small  changes  in  rotor  MWitnde. 

After  this  first  aeries  of  tests,  the  medal  wee  modified  to  eliminate 
most  of  the  dreg  of  the  blade  hub  fittings  which  proved  objeoticeable  in  the 
previous  tests.  This  entailed  reduoing  the  diameter  of  the  rotor  slightly 
end  coDitrueting  a  lens-ahaped  fairing  for  the  rotor  hub.  ftirther,  a  device 
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*u  designed  for  automatic  o octroi  of  the  rotor  attitude  which  was  to 
govern  t he  speed  of  the  rotor „ 

The  w»— d  eerie*  of  teat*  was  then  oonduoteA  in  the  UVAL  wind  tunnel 


These  tests  covered  the  high  range  of  tip— speed  ratios 


eataretatian  and  for  both  ae  sale  rating  and  deeel*  rating  tor- 


game  exiled  ts  the  rotor.  The  aerodynaasle  eharaete  r  latles  ef  the  rotor  as 

■  S, 

dataewteed1  IgT  these  teste  were  in  reasonable  agreement  with  the  oharaster- 
iatise  SO  date  satined  theoretically  in  Reference  1. 

The  gevaaner*  while  capable  of  stabilising  the  rotor  epoed  for  email 
attltsde  shengas,  would  require  major  modifications  in  order  to  oorreet 
larger  attltade  daafsi. 


e 
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*•1  forgoes  of  The  Tests  -  The  purpose  af  ths  first  twin  of  tests 
to  Lares  tlgats  tbs  feasibility  «f  operating  *  rerter  at  tawawrentionallj 
high  admass  ratios  aad  to  prorlte  pro  lheinary  data,  required  far  a  later  end 
»orJ  ooepl&ts  tut  pregrmu 

S»  aeeaod  series  had  the  following  purpose* s 

a,  tttaek  the  eperatlon  of  the  autaaatle  rotor  attitude  o octroi. 

K>  Determine  tbs  aerodynoato  oheraoterietiae  af  tbs  stilfM  rater 
model  without  Mb  fairing. 

e.  Determine  the  inflnenae  of  tfe*  lms-chap»d  hub  Pair lngo 
*.*  Test  Haljn eat  - 
I.U  am  Bedel  - 

•  .1.1.1  First  jorlea  of  Tacts  •  The  rotor  uedal  wM  la  the  first 
•arias  of  teste  aas  a  rotor  whioh  had  boon  ealwafs*  turn  tho  AtO  •Little 
■easy"  haltospter  mad  nediflod  for  um  Ja  tbs  wist  tussl  (*#a  Figaros  1  and 
I).  Ha  outer  port  isms  of  tfas  blades  wore  itsrai  be  ratal  the  Ifshi  to 
a|0Mi  foot.  Prowls  Isa  was  eade  for  aunating  asalleyhataes  tbs  tips  a t  tte 
blades  to  simulate  lbs  offeot  of  tip- Jot  waits  (tea  Ftpuu  f).  lbs  hub  was 
aodlfled  ts  allow  tbs  installation  of  a  aaall  eloetrls  attar  far  prow  id  lag 
sase  Is  rating  aad  dees  berating  twnjwes  to  the  rotors j  aa  blasts  to  taohsmitor 
generator  was  also  incorporated.  Figaro  4  sheas  tbs  Mb  -rrbnaM  «d  the 
rat or  eontrcl  panel  Is  shewn  in  Figure  8. 
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3. 2. 1.2  Second  Series  of  Tests  »  For  the  seoona  eerier  of  teste  the 
model  was  modified  somewhat.  The  hub  fittings  for  the  blades  were  greatly 
reduced  in  sixe  to  eliminate  most  of  their  drag  (see  Figure  6  and  7).  Thie 
necessitated  reducing  the  rotor  diameter  from  eight  feet  for  the  original 
model  to  7.58  feet,  A  lens-ahaped  fairing  was  designed  to  cover  the  blade 
hub  fittings  (See  Figures  6  and  7). 

A  rotor  attitude  control  governor  was  incorporated  for  stabilising  the 
rotor  in  the  high  advance  ratio  range.  This  governor  ana  a  modified  Curtiss 
electric  propeller  governor  which  wan  driven  by  a  flexible  shaft  from  the 
rotor  and  stabilised  the  rotor  speed  by  energising  an  elsotrio  linear  actua¬ 
tor  which  varied  the  rotor  attitude  in  the  wind  tunnel.  The  model  with  the 
governor  and  the  neoessary  o octroi  equiooent  is  shown  In  Figure  8. 


5. 2. 1.3  Model  Data 


First  Series 


Second  Series 


Rotor  diameter,  feet 


lfamber  of  blades 


Blade  chord.  Inches 
Blade  planform 


lie c  tang  -  lar 
(extends  from  1.4  ft, 
radius  to  4.0  ft. 
rad iu  u) 


Rectangular 
(extends  fro*.,  O.o4  ft 
radius  to  3,79  ft. 
radius. ) 


Solidity  Ratio 


Blade  Twist 


Airfoil  section 


Rotor  typo 


NACA  0015 


See -saw  blades 


KACA  0015 
tee -saw  blades 
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1.14  tattrteantatlan 


14.1.1  Standard  Wind  faunal  festnawntatl*  -  Thu  ataadard  wind 

V  ' 

hitfliMKktlit  Mi  u* 4  to  atUKrt  throo  sonpanettta  in  addition  to  tha 


tHMOl  •9MdLf 
a.  lift 


;•  *u  'jwfen  Mint  (a  gwir*  «f  tka  harqna  af  Ifct  rotor) 

» 

->  H|iK  #  Upto  tha  featnanamtation  at  1h»  pkrba  pnna  1  far  tha  teal  balaaao 

l,  •  •  . 

, "  ait*.  Xfaa  telw  la  aayahla  af  ——ring  six  miaaarta  tat  anly  tha 
Ifcrte  1  la  tad  abate  aaara  af  intaraat  in  ttaaa  taata.  tha  laitra—nta  ataas 
da  *||K«  •  tra  aa  fallaaat 

-  1«  pflitar  am  tad iaator,  nb  wring,  doatla  ratar  EH 
t*  tafia  af  attaak  af  ratar* 
t/'Wtek 

4*  /tail*  af  far,  waa  aarc  far  all  ta*t* 

3fe  tar  ftraa,  swltsh  on  laft  a  Ida  lari  laataa  alga  af  drag  farea. 
MtM  aa  right  slda  iim  tha  tatal  raaga  of  lnatnaaaat  aaaia 

fapaswts 

• 

C«  lift  faraa ,  aritohaa  to  laft  and  right  sans  aa  bafora 

▼.  ilia  fo.  aa,  pool  tiro*  If  to  tbo  right.  o*on  la  njarlnd  dixnoticn, 
nr i takas  to  laft  and  right  aaaa  aa  bafora 

t*  Pitching  noaant  paaltlra  if  tall  hoary,  around  tha  awaant  eaatar 
whiah  la  balaar  tha  tab  aantar.  Writohoa  to  laft  and  right  * 

aaaa  aa  bafara,  azaapt  ttat  arltak  on  right  alia  giro  a  tka  tatal 
ranga  af  iaatmaaut  aeala  in  inah  pounds. 

••  Soiling  ncnsnt ,  srltabaa  to  laft  and  right  aana  aa  bafara 
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10*  brine  MMnt,  positive  if  olookwiM  Men  from  above,  which  is 
an  amMlerotiag  air  moment  for  the  rotor,  switches  to  left  and 
right  same  as  before. 

11.  lyaewlr  pres  rare  dev  let  ion  from  q.  value  as  indicated  in  the 
upper  right  corner  of  the  panel. 

12.  Air  temperature  indicator 

IS.  Barone  trie  pres  care  indieater 


3. 2.2.1  Special  lastnwntation  far  the  Rotor  Model  -  Extra  instru¬ 


ments  were  required  for  the  rotor  model.  These  were j 


a.  reter  speed  indicator  (indieated  2.x .AM  and  was  oasaeuted  in 
parallel  with  the  tao  hose  ter  on  the  pnoto  pane 

b.  rotor  driving aro tor  ammeter 

These  Instruments  were  located  an  the  rotor  control  panel  shewn  in  Figure  5. 


Mi  addition,  a  special  protractor 


ipleyed  to 


re  the  rotor 


tip-path  plane  angle  of  inolinatioa.  ThL;  eagle  was  observed  visually  using 


the  deviee 


in  Figure  10. 


> rating  Lialtatic 


M.l  First  Series  a t  Testa  - 


S*f Bee  i a—  Angle  Limitation  -  (apprauimately  ±  12s)  Under  i«l 
tv.  t  conditions  this  limitation  was  difficult  te  ebssrve  and  the  blades  hit 
da  steps  several  times,  leading  te  heavy  vibrations  and  to  doetmetion  of 


safely  flexures  in  the 


►1  balaaoe  *y 


8.8. 1*2  Rotor  Angle  of  Attach  Limitation  -  The  upper  limit  of  rotor 


angle  of  attack  uns  given  by  interference  with  the  fairing  aretutd  the  oenter 
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portion  of  the  model,  approximately  +160,,  The  lower  limit  of  CC  w& a  E im 
by  operational  limitations  and  varied  with  rotor  pitch  angle  from*  2°  to  +  6®. 

S«5»l*£  Torque  Limitation  -The  aooelo rating  or  deoe le rat ing  torque 
limit  was  given  by  the  else  trio  motor  and  by  the  gears  between  rotor  shaft 
and  else  trie  motor,  approximately  1 2$  inch  pounds*  Terqnss  of  + 12  and  -15 


imoh  pends  f  corresponding  to  glO  asps,  in 


sou  14  to  maintained  continuously  throughout  the  teste. 


tare  ef  the  e  loo  trio  motor 


J .So  1.4  HM  Limitations  .  1  severe  resooanee  of  the  model  supports  and 

tolamee  ay  stem  was  oneemmbsred  at  about  600  KM.  Bsplmslmg  toe  metal  ring 


around  the  lamer  shaft  bearing  by  a  saft  smhtor  rftmg  lamared  the  res unsgss 
frsqneney  somewhat,  but  naming  through  toe  res  on  ease  mgr  onused  severe 
rib  ret  ions  end  the  breaking  of  safely  flexures  in  toe  tolanoe  system.  The 
original  metal  ring  was „  therefore  ,  reinstalled  and  the  operating  rotor  SHI 

was  limited  to  800  KM. 


L  the  reaimsgea 
onused  severe 


U.1.S  n 


600  JOV  whlah 


Llmltstlam  -  The  highest  KM  far  safe  operation  wi 
Sad  to  a  me t teem  tip  spaad  ef  *  no  ft./eeo. 


14.1.1 


Katio  limitation  -The  highest  advance  ratio  whlah 


measured  was  1.0.  With  iaereaslng  advenes  ratios  tlm  rotor  be- 

i  tears  as  Ing  ly  unstable  and  it  was  not  possible  to  obtain  steady  condign-. 


far  high  advenes  ratios. 

5. 3. 1.7  Blade  Pitch  Angle  Limitation  -  The  instability  mentioned  before 
increased  with  blade  pitch  angle.  The  highest  blads  pitch  angle  for  which 


CONFIDENTIAL 


CONFIDENTIAL 


DATI 
REVISED. 


1M1 


REVISED- 


ST.  LOUIS  3,  MISSOURI 
CONFIDENTIAL 


EASE. — 
REPORT- 
MODEL-. 


-U- 


ltT6 


f«  Mr odax*  an  Accelerating  or  daoaleratlng  torque  aa  required  «wi 
repeat  (e)f  (4)  and  (a )  above. 

I.4.E  Second  Series  of  Teste 

L4.LJ  Tart*  Without  Automatic  Roter  Attitude  Central  -  The  procedure 
far  tfaaas  taata  uaa  as  Toilers i 

a.  flat  the  blada  pitch  angle. 

b.  teatall  tha  tip-drag  spheres  if  required  far  tha  particular  hast. 

•«  ■atablish  a  nominal  rot ar  apaad  and  tunnel  speed  in  aaeardaaea  with 

tha  folioring  table  i 

*8* 

Tha  23H  vaa  different  far  aaoh  advenes  ratio  ae  aa  to  obtain  a  aanatant  tip 
apaad  at  tha  advancing  blada  rathar  than  a  aanataat  RJBI  aa  in  tha  firat  taat 
aarlaa.  Baa  aanatant  tip  apaad  taata  give  a  nor*  raallatla  piotara  at  tfaa 
(tar  lit  la  a  alaaa  tha  actual  aircraft  prataUjr  will  operate 
aandltiona*  The  tip  apaad  at  tha  advancing  blada  ana  ahaaan  aa 


.1 

»T6 

1.0 

lotB 

lo« 

2.0 

2.5 

Id* 

IS* 

112 

Mol 

•9.5 

74.6 

•4 

74.6 

M 

112 

124 

*  154 

14# 

10Q 

14 

a,5 

52 

59.5 

44 

10.6 

•5 

560 

47* 

415 

470 

550 

276 

265 

4*  *«hi  phata-panal  piotara  and  sinalteaeaRMly  abaerte  and  record  the 
tip-path  plana  aagla  af  attack. 

n*  fetrednee  an  aooalaratiag  or  daaalaratiag  torque  as  required  and 
rapaat  (of  and  (d)  above. 


CONFIDENTIAL 


MAC  me  (ILEV.  ••«.«•> 


iLjlS Bftg  1M1 


REVISED- 


REVISED- 


ST.  LOUIS  3,  MISSOURI 
CONFIDENTIAL 


RASE _ 


REPORT 


MODEL. 


So40t02  I»iti  With  Automatic  Rotor  Attitude  Oontrel  -  The  prom  tar* 


tor  these  gmnor  testa  was  an  follswsi 


a.  Set  aero  blade  pitch  angle 

b.  Establish  rotor  and  tunnel  speeds  la  aeeordanoe  with  (e)  of 
8eetion  3.1. £.1. 

o.  Apply  a  sadden  one  degree  rotor  attitude  disturbance . 
d.  Itsein  the  amplitude  of  the  FJV  oso illations  and  the  tlae  required 
for  the  disturbance  to  subside. 


3.5  Test  Rfc suite 


S.S.l  First  Series  of  Tosts  -  The  first  series  of  tests 


Intended 


mainly  as  a  preliminary  inrestigatissi  ef  the  feasibility  of  operating  a  rover 


et  dno  co-rent  tonally  high  advance  ratios.  Zt  was 


that  advance 


ratios  of  the  order  of  2.5  to  5.0  were  possible  se  Ike  see  and  test  series 
described  below  eras  planned  to  fully  investigate  the  high  advance  ratio 
range. 

Vo  quantitative  data  are  given  for  the  first  test  series  beosnse  they 
are  of  doubtful  value  as  a  result  of  the  poorly  designed  hub  which  Increased 
the  drag  of  the  rotor  considerably  and  contributed  essentially  ro  lift. 


3.6.2  So o and  Series  of  Tests  - 


5. 5.2.1  Corrections  to  Photo-Fane  1  Data  - 
a.  Q6  Correction t 

The  indicated  values  of  OC  were  within  0.1®  of  being  identioal 
with  the  actual  values  and  no  correction  was  iweeseary.  The  wind 
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tnaaal  vail  correction  of  OC 
there for#  ,  negligible. 


in  the  or  dor  of  9»1 


b.  Lift  Cerrootian  - 

The  lift  wmo  oorrootod  for  tbo  hnb  lift  whieh  was  determined  by 
teats  without  blades.  The  hob  lift  la  approximately  independent 
of  the  angle  of  attack  of  the  rotor  and  of  the  rotor  EH*  and  coaly 
dependant  on  tbo  tunnel  a  pood.  The  following  valves  woro  used.* 


L  .  L  -  Lg 


where  la  (i*>.j  •  0oS 
for  q  (lb.^t‘)  ■  14 


0.9  1.9  U* 

28.5  It  99.6 


1.6  1.9  2.1 

46  56.5  66 


The  wind  tuna'll  wall  correction  for  the  lift  la  negligible  because 


of  tho  email  lift  coefficient 


o.  Drag  Correction  - 


CL  e  0.02). 


Tho  drag  was  oorrootod  for  tho  hah  drag  as  determined  by  teste  withosrt 
blades.  The  hub  drag  is  approximate ly  independent  of  the  angle  of 
attack  of  the  rotor  and  of  tho  rotor  &M  and  only  dependent  on  the 


tunnel  speed.  Thu  following  raloos  woro  wood: 


5  -  »g 


where  Dp  (Ib.j,  e  l.T 

for  q  (Tbc/ft.  )  14  B.f 


I.I  4.T 

St  19.6 


*.4  T.T 

«•  M.6  M 


Tho  wind  tunnel  wall  oorreotiac  for  tho  drag  is  nogligihla  as  far 
OC  end  for  the  lift, 
d.  Torque  Oorrootian  - 


The  yssrlnc  aamomt,  My,  is  approximately  equal  to  tho  rotor  torqms, 
steee  the  shaft  axis  was  inclined  only  a  few  degrees  with  lvspset 


to  ths  rertloal  axis.  The  tmrqte  was  oorrested  far  the  )«b  torque. 
The  following  mines  woro  ueodt 
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**  *  *T  “ 

H 

*l*r#  M*  (in. -lb. )  _  p  0 

for  a  *  2\  "°9  -•»  -.9  -.9  -.» 

for  q  (lb./ft.Z)  .  14  23.5  52  3t.6  46  56.6  66 

••  j4ft  to  Drag  Satlo  Correoticn  - 

»  11«  to  <~g  rmtlo  or  the  rotor  to.  oorrootod  for  rotor  torw 
hy  *•*««  of  the  drag,  D«,  the  value, 

»"  •  L«  -  A  » 

w*»r*AI)  .%’(*.  rot.r  radiae  )  I 

^ar 

t&TU  the  e^iTajaat  lift  to  drag  ratio  and  i.  .anally  looted 
ttP*  M  “  appropriate  efficiency  figure  for  a  re  ter. 

S*#*2*2  £gg*"r  «*  P>ta  to  faffleient  m-  -  Tte  f ere.  and  a<»nt 


■•aonrawute  were  converted  into  eoeffioient  fom  by  the  foll«rin(  equation*, 


JXE  ,  mp^  =  0.135  BPM 

ZAB)  , 


CL  s  TrE*^_ 
CT  '^£i- 


R  r  “  V  e  V' 
:°s  Tl^7 
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So&a.l  Thrust  Cso  fflelant  -  Figure  11  ebon  the  thrust  coefficient , 

Of,  against  OC  far  saro  tip  drag  end  for  a  blade  pit  eh  angle ,  0  =  -1.6*. 

The  elope  of  the  Of  -  CC  curve  bee  we  ■  wr\  steep  at  higher  advano®  ratios, 
y6i  •  The  blade  loadings,  (Oj/OT),  reach  extraordinarily  high  values  at 
high  advanee  ratios.  (Cf/CT  )val aea  up  to  0.8b  were  Measured.  The  au tore— 
tat  ion  curv"  indicate  e  clear  ly  the  iastability  at  higher  advenes  ratios. 

Above  «■  l.li  this  ee^e  is  nearly  vertical  end  snail  changes  in  OC 

have  a  very  large  offset  on  the  equilibria  advanee  retie,  JLL  j  that  is, 
on  the  equilibria  BH.  Bela  CC  %  4* e  no  SBtoretatian  is  possible 0 


S.6.S.Z  Torque  Oaffislat  -  Figure  It  shea  the  torque  ooeff  ioient.C^  , 
plotted  against  fS  fa  aero  tip  drag  and  for  a  blade  plteh  of  G  m  -1.6*, 


Positive  0^  eerreeponds  to  par  input  into  the  rotor,  negative  Cq,  to  power 
output  frm  the  rotor.  The  dotted  line  refers  to  the  autorotation  with  hab , 
and  the  ordinates  of  this  curve  represent  the  hub  torque  which  was  subtracted 


fran  the  neacured  torque.  The  Cq  —  OC  eurvee  also  beeoe  very  steep  at 
higher  advanee  ratios.^/td  . 


3. 6.8.8  T lp-fa th  Plane  Angle  of  Attack  -  Figure  15  shoa  the  rota 
plane  angle  of  attack,  O^e  ,  plotted  against  CC  tar  sere  tip  drag  and 
for  a  blade  plteh  of  6  ~  -l.i°.  The  •  CC  curves  iasrsase  thsir 


slope  with  /CC  ,  indicating  a  high  sensitivity  to 


ohanrei 
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S.6.S.4  Or,  and  ACr  As  Functions  af^ /JL  -  F igvre  14  shears  Cj 
OC,  and  OCg  platted  against far  Q  s  «1„5*  in  antaretatlan.  The 
flat  CC—^u.  turn  for  Libber  ^  again  indie  ate  ■  tin  naatabln  ohar- 
aetsr  of  these  eoaditions.  (  oCq-OC  )  1b  the  flapping  angle  of  the  blade* 
whioh  la  quite  node  rate  far  0  a  •1,6°. 


6*6.3 „» 


Lift, and  Llft-te^Crag  fcatio  A  Pesatlan  of  /fc  -  Figure  16 


ahaara  the  lift  te  drag  ratio,  (sailed  L'/fm  In  Section  8.6.2)  the  lift 

eeafficient,  C^j  and  the  drag  eeefflolent,  C^,  of  tte  rotor  withant  hob 
plotted  arainrt  advance  rtUoyU.,  for  0  ■  -1.6°  In  antoaretatlan.  The 
inoreneing  tyfo  relee*  and  the  da  area*  lag  values  with  higher  advance  rat  lee 


indleata  that  trim  a  paint  of  view  of  perfonanoe  at  high  spaed  large  advenes 


ratios  are  dealrahlo. 


8. 6.8.6  ?« 


Caaff  loiant  Far  Tarloaa 


**** 


la  •  Figaro  18 


blade  piteh 


shears  the  torfne  eeafficient,  fl^  plotted  against  CC  far  varlona  blade  pi 
angles ,  ,  and  far  an  advenes  ratio  *  1.6*  Sato  that  a  daoraap 

In  blade  piteh  In  this  region  Inara wees  the  decelerating  terqee,  whioh  la 


1.6*  lets  that  a  das 


oppeaite  to  tho  offset  of  binds  piteh  « Range* 


ditian.  The 


In  lees  sensitive  to  CC  %, 


(fie  re 


flight  ec 


)  at  lower 


blade  piteh  angles. 


5.M.T  Xffaat  af  Blade 


-  Figaro  IT 


effect  of  blade  piteh  angle,  ©  ,  an  threat  eeeffieient,  C^,  an  Of,  and  m 
Ctg  far  ^Jl,  a  1*6,  In  eutcretatian.  The  flapping  angle  (0(g  •CC)  1«  aero 
for  &  9  -*o8°  and  Inaraaass  rapidly  with  negative  @  0 
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3,5.8. 8  Sffset  of  Blade  g  cwfc),  Mad  On  *  Figure  18  ahaae 

the  effect  of  blade  pitch  angle,  ©  ,  on  lift- to- drag  ratio,  on  Cj^, 

and  on  C^,  Shi  la  C  and  Cp  dacraaa*  with  asgative  ©  ,  the  ~L/H  ratio  hM 

a  flat  opt  inn  at  about  Q  •  -1.6°0 


3 »6q4  Tests  With  the  Aetqeatlc  lotar  Attituds  Oontrol  .  Beeotae  of 
aeroral  delays  and  required  mod  if  last  leas  of  the  teat  aiji  Ij—iiti  the  governor 
terta  were  reduoed  aa— wha t  in  scope.  The  teats  were  made  for  only  ana 
blade  pitah  setting,  ©-  0°,  and  for  sere  torque.  Advance  ratios  of  0.6,  1*0, 
1.5,  and  8*0  were  Imre stiga ted* 

It  wee  fewnd  that  the  UM  osolllaticus  damped  out  after  two  to  threo 
oeeillaticn  periods  after  a  sudden  ane  degree  rotor  attitnde  dlatarbaaac. 

Bet  while  the  oscillations  daaped  set  fniekly,  the  newts—  UM  error  ni 
—eh  too  high  (  +  Z5Jt  for  4-  1°  attitude  change  end  4|(  far  -1®  attitnde 


ohenge). 


3.6.6  InpcrJ—xtal  Data  -  The  complete  data  ssiewile toil  during  the 
second  aeries  of  tests  ia  presented  is  Beotian  7*0* 
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Sm  soocnd  wrlii  of  tests  confined  tbs  rosulte  of  the  first  series 
that  snteretstian  of  th#  VTO  rotor  at  high  advenes  ratios  Is  vary  advantageous 
Tram  a  point  of  ritm  of  blabs  losses.  The  drag  oooffloiont  of  tbs  blade  with* 
ant  bub ,  referred  to  the  rcrtor  disc  area,  is  only  C.001  at 1.0.  Ibis 
■sens  that  a  iO^Posi  rotor,  suitable  for  a  10, 000  pound  rotor-fined  wing 
aircraft,  weald  only  represent  tbs  equivalent  of  two  square  feet  parasite 
dreg  area.  This  drag  is  not  totally  psoras  it  io  because  the  rotor  also  pro¬ 
duces  a  lift  feres  up  to  13  tines  greater  than  this  drag.  Tbs  over— sensiti¬ 
vity  ef  oil  rotor  eharaetorlstlos  with  respect  to  rotor  angle  of  abtaek  ohangss 
should  too  mitigated  hsoauss  otherwise  seen  moderate  gusts  would  oaaee  ex¬ 
es  aelse  fluffing  of  tbs  blades.  These  tests  have  bean  extended  up  to  an 
advenes  ratis  af  2.5,  whiob  a orre spends  to  a  flight  speed  of  3*0  nph  rith  a 
tip  synod  dt  the  advancing  blade  sf  MO  ft. /see.  or  to  140  nph  with  s  tip 
spaed  of  TOO  ft«/rss. 
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Negative  No.  Center  Portion  of  Model  Including  Fork  and  Pitch  Arm  of  Tunnel  Equipment 
D4H-13896  (First  Series  of  Tests) 
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Figure  13 


Rotor  Plane  Poimow  OC*  Plotted  Against  OC  For  ZfroTip  Drag 

And  Blade  Pitch 
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Ljpt  To  Drag.  Ratio  (I/O)  ,  UrT  Cwfic^T  Ck  Ano  Drag. 
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Blade  Prrx.w  tS^»  — 1.5*  In  Auto  rotation 
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Lift  To  Drag  Ratio  (L/£),  Lift  Coefficient  Cl  And 
Dra&  Coefficient  Cd  Plotted  Against  Blade  Pitch 
Angle  f*>R  Advfuli  P.at*c  JA^I.S  In  Autorotation 
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Longitudinal  Tilt  of  Tip  Path  Plan* 

Configuration  Viithout  Tip  Balls 

Configuration  With  Small  Tip  Balls 

Configuration  With  Large  Tip  Balls 

Drag  Coefficient 

Lift  Coefficient 

Torque  Coefficient 

Thrust  Coefficient 

Drag  ir  Found  e 

Lift  in  Pound e 

Torque  in  Foot-Pounds 

Dynamic  Pressure,  Lbs./Pt.^ 

Rotor  Radius,  Feet 
Lift  to  Drag  Ratio 
Rotor  Control  Plane  An~le 
Collective  I  itch  of  Rotor  Blades 
Advance  Ratio 
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